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With few exceptions, isolated clusters of the heavier Group 14
elements (Si–Pb) are of the Zintl (En

x�, x = 2, 3, or 4)[1, 2] or
organically substituted, that is, EnRm (n = m or n>m; R =

aryl, aryl, silyl, amide),[3, 4] types. A notable feature of the two
classes is that they rarely display a structural or electronic
correspondence to each other. This situation is particularly
evident in the structures of the element-rich[5] Group 14
organo clusters EnRm (n>m) such as Sn8{Si(SiMe3)3}6,

[6]

Sn8(ArMes2)4
[7] (ArMes2 = 2,6-Mes2C6H3; Mes = 2,4,6-Me3C6H2),

Ge8{N(SiMe3)2}6,
[8] Ge6(ArMes2)2,

[9] Sn4Ge2(ArMes2)2
[9] as well as

the recently reported lead clusters Pb10R*
6 and Pb12R*

6 (R* =

Si(SiMe3)3).[10] These bear little stoichiometric or structural
resemblance to the common E5

x� or E9
x� (E = Si–Pb) Zintl

ions of these elements. A number of publications have shown
that Zintl ion clusters, such as E9

x�, can be derivatized with
transition-metal or main-group fragments with preservation
of the original framework.[11–15] Nonetheless, there is only one
example (the anion [Ge9{N(SiMe3)2}3]

�)[16] of a derivatized
Zintl cluster that can be synthesized without use of preformed
E5

x� or E9
x� units. No stable examples of neutral clusters with

structures analogous to the Zintl ions exist at present.
Similarly, knowledge of cationic clusters of the Group 14
elements is extremely limited. For example, cationic Zintl
clusters of these elements of any kind are currently unknown
and the only well characterized stable cationic organo
Group 14 cluster is the recently described silyl-substituted
germanium species [Ge10(SitBu3)6I][B(C6F4H)4].[17] Herein we
report three new element-rich organo clusters of tin whose
structures are analogous to, or derived from, the E9

x� Zintl
framework. These are the neutral Sn9(ArTrip2)3·4 THF
(1·4 THF; ArTrip2 = 2,6-(2,4,6-iPr3C6H2)2C6H3) and the cationic
clusters [Sn10(ArMes2)3] [AlCl4]·PhMe (2·PhMe) and [Sn10-
(ArMes2)3][GaCl4]·PhMe (3·PhMe).

The neutral cluster Sn9(ArTrip2)3, which is paramagnetic
and has 21 framework electrons, was synthesized by the
thermolysis of {ArTrip2Sn(m-H)}2

[18] in hot toluene and was
isolated as dark red, almost black crystals. This method is a
new synthetic route to tin clusters[19] that arose from exploring
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the decomposition of the hydride in an attempt to isolate the
distannyne ArTrip2SnSnArTrip2.[20] Elimination of hydrogen does
occur, but competing Sn�C bond cleavage results in ligand
stripping to afford 1. The arene HArTrip2 was also isolated from
the reaction mixture. Compound 1 was characterized by X-
ray crystallography and by EPR spectroscopy. The latter
afforded a relatively broad signal with a g value near 2.031 in
solution in toluene at room temperature. A representation of
the structure of 1[21] is shown in Figure 1. The Sn9 framework

has a tricapped, trigonal-prismatic, closo structure, which is
similar to that first reported for the 21-framework-electron
Zintl ion [Sn9]

3� by Corbett in 1983.[22] The most prominent
structural features of trigonal-prismatic clusters of this type
concern the Sn–Sn separations that define the height (h) and
edge (e) of the trigonal prism and the distance from the
capping to prismatic atoms.[23] In 1, the average values for
these distances are h = 4.12(4), e = 3.000(1), and capping
distance 2.94(3) �, respectively. These parameters afford an
h/e value of 1.37, which is significantly higher than the range
currently known (1.07–1.17) for [E9]

3� Zintl ions with
21 framework electrons.[2] The h/e value is closest to that
recently observed for the anionic substituted germanium
cluster [Ge9{N(SiMe3)2}3]

� (h/e = 1.27),[11] which also has a
closo structure despite the fact that it has 22 framework
electrons for which a nido, monocapped square-antiprismatic
arrangement is predicted by Wade�s rules. Calculations[11] on
the model species [Ge9H3]

� , however, yielded structural
parameters close to those experimentally observed. In con-
trast, the derivatized Zintl ion [Ge9(BiPh2)2]

2�[14] displays a
nido Ge9 framework that is consistent with its 22 framework
electrons. The Sn�Sn bond length pattern in 1 is similar to that
seen in closo [E9]

3� Zintl clusters where the shortest bonds
(Sn–Sn bond lengths in the range 2.914(2)–2.967(2) �) are

observed to the tin atoms capping the rectangular prism faces,
that is, the substituted Sn1, Sn1A, and Sn5 in 1. DFT
calculations[24] for Sn9Me3 model species for 1 afforded Sn�Sn
bond lengths that resemble those experimentally observed,
with the lengths calculated for the four-coordinate tin centers
(average 2.935 �) falling within the above-mentioned range.
The calculated h/e value, 3.83 �(avg)/3.25 �(avg)� 1.18 is
not as great as that seen in 1. However, it is greater than that
in the [Sn9]

3� Zintl ion (h/e = 1.08).[22]

The cluster salts 2 and 3 were synthesized by the reduction
of Sn(Cl)ArMes2 with one equivalent of KC8 in the presence of
0.5 equivalents of AlCl3 or GaCl3. This synthetic approach
arose out of attempts to isolate clusters with both Group 14
and Group 13 atoms in their frameworks. The inclusion of
Group 13 elements was successful with use of the subvalent
gallium (i) precursor “GaI”,[25] but the use of MIIICl3 (M = Al
or Ga) halides has not afforded “mixed” clusters to date. The
products 2 and 3 were obtained as red–black hexagonal
crystals. Although these crystals have a relatively high melting
point, attempts at redissolving them result in decomposition
with the deposition of elemental tin. Single-crystal X-ray
diffraction established the structure that is illustrated for 2 in
Figure 2. The Sn10 framework in the [Sn10(ArMes2)3]

+ ion is
almost identical in both compounds and the structure is based
on a distorted octadecahedron. It may be viewed as being
composed of Sn2+ ions (Sn5) capping Zintl-like [Sn9(ArMes2)3]

�

moieties which are related to the neutral species 1 by a one-
electron reduction. The existence of such monoanionic Zintl-
like ions has precedence in the above-mentioned [Ge9{N-
(SiMe3)2}3]

� ion.[16] The framework electron count for the Sn10

Figure 1. Schematic drawing of 1. Selected bond lengths [�] and
angles [8]: Sn1-C1 2.21(2), Sn1-Sn2 2.944(2), Sn1-Sn3 2.967(2), Sn1-
Sn4A 2.912(2), Sn2-Sn3 2.992(2), Sn2-Sn4 3.008(2), Sn3-Sn4 2.999(2),
Sn3-Sn5 2.914(2), Sn4-Sn5 2.932(2), Sn5-C37 2.21(3); C1-Sn1-Sn2
122.9(4), C1-Sn1-Sn3 119.5(4), C1-Sn1-Sn4A 116.0(4), Sn2-Sn3-Sn4
60.27(4), Sn3-Sn2-Sn4 59.98(4).

Figure 2. Schematic drawing of the cation in 2 (that in 3 is almost the
same). Selected bond lengths [�] and angles [8] . Sn1-C1 2.194(11),
Sn2-C25 2.198(12), Sn1-Sn3 2.9174(8), Sn1-Sn4 3.010(1), Sn1-Sn5
3.000(1), Sn2-Sn5 3.118(1), Sn2-Sn4 3.122(1), Sn3-Sn4 3.087(1), Sn4-
Sn5 2.9552, Sn4A-Sn4B 2.8929(2), Sn4-Sn4’ 3.185(2); C1-Sn1-Sn3
112.7(3), C1-Sn1-Sn4 115.2(3), Sn3-Sn1-Sn4 61.64(3), Sn4-Sn1-Sn5
57.91(3), Sn3-Sn1-Sn4 61.64(3), Sn4-Sn1-Sn5 57.91(3), Sn4-Sn1-Sn4B
96.14(5), C25-Sn2-Sn5 102.70(3), Sn4-Sn2-Sn5 56.52(2), Sn4A-Sn2-
Sn4B 53.87(4), Sn4-Sn2-Sn4’ 65.22(6), Sn1-Sn3-Sn4 62.09(3), Sn1-Sn4-
Sn5 61.66(3), Sn4’-Sn4-Sn5 114.45(3), Sn1-Sn5-Sn4 67.74(3), Sn2-Sn5-
Sn4 61.82(3), Sn1-Sn5-Sn2 83.84(4).
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cation is 22, which is agreement with the view that it is derived
from monocapping of the original trigonal-prismatic Sn9-
(ArMes2)3 unit by a tin atom. This capping causes large
distortions of the original trigonal-prismatic arrangement
seen in the structures of 1 and the [Ge9{N(SiMe3)2}3]

� ion. The
original parallel trigonal Sn3 faces of the prism, which were
separated by a relatively uniform “height” of approximately
4.0 � between the respective pairs of tin atoms in 1, become
separated by 3.824, 3.946, and 4.594 � in 2 ; the longest
distance (between Sn4 and Sn4B) in 2 is now bridged by the
capping Sn5. Elsewhere within the cluster the Sn�Sn bond
lengths are within the range 2.760(2)–3.185(2) �.

In conclusion, we have isolated and characterized two new
types of organotin clusters that are related structurally to the
Sn9

x� Zintl anions. The isolation of these compounds
strengthens the notion that clusters of Group 14 elements
can demonstrate a great variety of structural types and firmly
establishes a relationship between the Zintl and organo
clusters. The results suggest that further capping of the Sn9

x�

framework should lead to higher clusters. In addition, the
ability of the terphenyl ligands to stabilize 1–3 as well as other
clusters in which the majority of the metal atoms are
unsubstituted[9] is noteworthy.

Experimental Section
All manipulations were carried out under an inert atmosphere in
water-free conditions.

1: {Sn(m-H)ArTrip2}2 (0.601 g, 0.5 mmol) in toluene (30 mL) was
heated to 100 8C in an oil bath for 1 h, during which time the initial
blue color of the solution became dark red. The solution was cooled
and filtered. The volume of the filtrate was reduced to saturation, but
attempts to grow crystals for X-ray diffraction from toluene solutions
were unsuccessful. With the addition of small quantities (ca. 5%
volume) of THF, crystals of 1·4THF suitable for X-ray studies were
obtained as red needles (0.052 g, 19 %); m.p. desolvates at ca. 808,
dec> 100 8C. Elemental analysis (%) calcd for C108H147Sn9: C 51.64, H
5.90; found: C 52.16, H, 6.03.

2 : A solution of Sn(Cl)ArMes2 (0.467 g, 1 mmol) and AlCl3 (0.67 g,
0.5 mmol) in THF (20 mL) was added dropwise to a well-stirred
suspension of KC8 (0.135 g, 1 mmol) in THF (20 mL) cooled in a dry-
ice/acetone bath. The solution was allowed to reach room temper-
ature within 12 h and filtered. The filtrate was collected, the volatile
materials were removed under reduced pressure, and the residue was
extracted with toluene (30 mL) and filtered. The filtrate was reduced
in volume to incipient crystallization and stored at room temperature
for one week to afford 2 as black (dark red in transmitted light)
hexagonal crystals. (0.028 g, 12%); m.p. 144–1468C. Elemental
analysis (%) calcd for C72H75Cl4AlSn10: C 37.66, H 3.29; found: C
38.10, H 3.34.

3 : The preparation of 3 was almost identical to that for 2 except
that GaCl3 was employed instead of AlCl3. The product 3 was
obtained as black (dark red in transmitted light) crystals (0.023 g,
10%); m.p. 185–1868C. Elemental analysis (%) calcd for
C72H75Cl4GaSn10: C 36.97, H 3.32; found: C 37.61, H 3.29.
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